Insect genitalia exhibit rapid divergent evolution. Truly extraordinary structures have 13 evolved in some groups, presumably as a result of post-mating sexual selection. To 14 increase our understanding of this phenomenon, we studied the function of one such 15 structure. The male genitalia of Callosobruchus subinnotatus (Coleoptera: Bruchinae) 16 contain a pair of jaw-like structures with unknown function. Here, we used phenotypic 17 engineering to ablate the teeth on these jaws. We then experimentally assessed the 18 effects of ablation of the genital jaws on mating duration, ejaculate weight, male 19 fertilization success and female fecundity, using a double-mating experimental 20 design. We predicted that copulatory wounding in females should be positively 21 related to male fertilization success. However, we found no significant correlation 22 between genital tract scarring in females and male fertilization success. Male 23 fertilization success was, however, positively related to the amount of ejaculate 24 transferred by males and negatively related to female ejaculate dumping. Ablation of 25 male genital jaws did not affect male relative fertilization success but resulted in a 26 reduction in female egg production. Our results suggest that postmating sexual 27 selection in males indeed favors these genital jaws, but not primarily through an 28 elevated relative success in sperm competition but by increasing female egg 29 production.
Introduction 35
Insect genitalia exhibit rapid divergent evolution (Hosken and Stockley, 2004; 36 Eberhard, 2004; Eberhard, 2010) . There is now little doubt that this is due to 37 postmating sexual selection (Birkhead and Pizzari, 2002; Hosken and Stockley, 38 2004; Arnqvist, 2014), generated either by conventional cryptic female choice (CFC) 39 whereby female traits are evolving to gain benefits (Eberhard, 2006) or by sexually 40 antagonistic coevolution (SAC) whereby female traits are evolving to minimize direct 41 costs imposed by males (Arnqvist and Rowe, 2005) . This coevolutionary process can 42 result in the evolution of remarkable structures, such as prominent sclerotized 43 structures of male genitalia that causes injuries to females. The function of these 44 structures have only rarely been addressed, but can involve enabling copulations Seed beetles are widely employed in studies of postcopulatory sexual selection and 48 are well known for showing harmful male genital structures (Hotzy et al., 2012; Rönn 49 et al., 2007; Sakurai et al., 2012) that damage the female copulatory tract. 50 Callosobruchus subinnotatus (Coleoptera, Bruchinae) is a seed beetle with a 51 particularly interesting male genital morphology, as males are equipped with a pair of 52 prominent sclerotized "jaws" (Fig.1) . 
67
To better understand the evolution of such genital structures, we performed a series 68 of experiments aimed at unveiling the ultimate function of these genital jaws. The 69 jaws clearly cause injury to females: the copulatory duct is abraded or even pierced 70 by the jaws, leaving a v-shaped pattern of melanized scars (Fig. 2) . 
76
We hypothesized that the genital jaws may either (1) serve as a holdfast device or (2) 77 may elevate male fertilization success by other means, as it is the case in the closely 78 related species C. maculatus (Hotzy and Arnqvist, 2009; Hotzy et al., 2012) . Here, 79 we used phenotypic engineering to experimentally manipulate this structure. The 80 paired genital jaws bear spiny teeth-like protrusions ( Fig. 1 
Materials and Methods

86
Beetles were mass cultured in the laboratory on a 12:12 h L:D photoperiod, 55% RH 87 and a temperature of 29°C in 1000 mL glass bottles (N=3), containing 250ml black 88 eyed-beans (Vigna unguiculata) per generation. New generations were set by mixing 89 beetles from each of the jars, to avoid inbreeding (Appleby and Credland, 2001) . To To assess the function of the jaw-like structures, their teeth were smoothened 97 manually following the eversion of their genitalia (Fig. 3) . The treatment was performed with a file made of a dentist drill (Two striper L201MF3) 103 attached to a probe. To smoothen the teeth, the jaws of lightly anesthetized (CO 2 ) 104 males were held in position with a forceps (SS 11200-33 Dumoxel®-Biology CE) 105 ( Fig. 4 ) under a dissecting microscope. All male treatments (see below) were 106 performed with the same method and materials. One group of males were not manipulated in any way, but were left untouched (Non).
116
This group controls for potential effects of CO 2 anesthesia and genital eversion. To 117 control for ablation per se, two additional control groups were created. [C] One group 118 were treated as AJ males in every respect but instead had another structure of their 119 genitalia ablated, namely the right paramere (APa). [D] The final group of males were 120 also treated as AJ males in every respect but served as a surgical control in the 121 sense that they had a non-genitalic structure ablated, namely the rim of the pygidium 122 (APy) (Fig. S1 ). 8 Focal males were thus treated 18 hours before they were used in the experiments 125 described below. During the treatment, beetles were lightly anesthetized with CO 2 up 126 to a period of seven minutes by placing them on a FlyStuff Flypad. Virgin reference 127 males were sterilized by irradiating them with a 100 Gy dose from a cesium-137 128 source. This sterilization technique has been shown to cause lasting sterility in male 129 seed beetles while not compromising male copulation ability and sperm 130 competitive ability (Eady, 1991; Maklakov and Arnqvist, 2009 ). After the treatment, 131 males were placed in a 6cm petri dish with access to 5ml sugar water solution to 132 recover. were stored in climate chambers for 48 hours. Following this intermating interval, 173 females were remated to a second male following the same protocol as for the first 174 mating. In the sperm offense assays (P2), the first male was a sterile reference male 175 and the second male was a focal experimental male. In the sperm defense assays 176 (P1), this order was reversed. The petri dish with beans and eggs from the matings. Models of the effects of female leg treatment were restricted to include only 224 AJ and Non males (see above). Four females that laid <4 eggs after the second 225 mating were excluded from our data set. In addition, two observations with 226 standardized residuals >4 were excluded from the analyses of scarring in females.
227
Analyses were performed with Genstat v.18 and Systat v.13.
228
Results
229
The overall fertilization success of the last male to mate, i.e. P2, was approximately Our inferential model of variation in male fertilization success (Table 1) (Table 1) . Interestingly, focal male fertilization success increased with his 241 ejaculate weight (´ = 0.04, SE  = 0.01) and decreased with female ejaculate 242 dumping (´ = 0.02, SE  = 0.01). We found no significant effect of female leg 243 treatment or any other covariates on male fertilization success. A model of the number of scars in females, including the mating duration of both 264 matings, revealed that the mating duration of the reference male (F 1,100 = 4.51, P = 265 0.036) was positively related to scarring and that females with ablated hind legs 266 suffered fewer scars on average (136.2, SE = 7.7) than did females with intact hind 267 legs (167.8, SE = 8.3) (F 1,100 = 7.45, P = 0.007) but showed no effect of male 268 treatment (F 1,100 = 1.94, P = 0.166), suggesting that female resistance during 269 copulation increases copulatory wounding. We failed to find any significant effects of 270 any predictors on the area of scarring in females.
272
Female fecundity, i.e. the total number of eggs laid during our experiment, was 273 positively associated with mating duration and tended to be positively related to 274 ejaculate weight (Table 2) . Notably, female fecundity was also affected by male 275 genital treatment (Table 1) , such that females laid fewer eggs if her focal male mate 276 had ablated genital jaws (Fig. 5) . This was true also in a reduced model, involving success was determined primarily by male ejaculate weight and the degree to which 291 females dumped the ejaculate after mating. This suggests that females may affect 292 male fertilization success, by differential uptake of male seminal fluid from relatively 293 large males (Eberhard, 1996) . Most importantly, we found that females laid fewer 294 eggs following mating with males with ablated genital jaws, suggesting that this 295 structure may ultimately function to stimulate female egg production more than 296 female sperm use. We found that mating duration was positively associated with scaring in females, as 317 has previously documented in C. maculatus (Crudgington and Siva-Jothy, 2000) , and 318 that females that were made unable to resist males by kicking suffered less scars.
319
This shows that the physical act of resistance by females actually acts to aggravate 320 the injuries they sustain during copulation. Ablation of genital spines decreases the 
